We show that new physics, either from CP T violation in B 0 -B 0 mixing or from ∆B = −∆Q transitions, may lead to an opposite-sign dilepton asymmetry of neutral B-meson decays. Both effects have the same time-dependent behavior and therefore are in general indistinguishable from each other. We also clarify some ambiguity associated with the present experimental constraint on the CP T -violating parameter δ B .
The B-meson factories under construction are going to provide a unique opportunity for the study of CP violation, both its phenomenon and its origin. At the second or final stage of these facilities sufficient BB events (e.g., N BB ≥ 10 9 ) will be accumulated, then a direct test of the CP T symmetry and the ∆B = ∆Q rule should be experimentally feasible. This is expected to open a new window for probing new physics beyond the standard model, as both CP T and ∆B = ∆Q conservation laws work extremely well within the standard model. Up to now some phenomenological analyses of possible CP T -violating signals in semileptonic and nonleptonic decays of neutral B mesons have been made in Refs. [1] - [6] , where the ∆B = ∆Q rule was essentially assumed. The possibility to detect the effect of ∆B = −∆Q transitions at B factories has been investigated in Ref. [7] in the assumption of CP T invariance.
It was noticed in Refs. [1] - [6] that CP T violation in B 0 -B 0 mixing could lead to an opposite-sign dilepton asymmetry of neutral-B decays, or more generally, an asymmetry between B 0 (t) → B 0 → l + X − andB 0 (t) →B 0 → l − X + decay rates. Applying this idea to the time-dependent semileptonic decays of B 0 andB 0 mesons at the Z resonance, the OPAL Collaboration obtained a constraint on the CP T -violating parameter δ B , i.e., Imδ B = −0.020 ± 0.016 ± 0.006 [8] . The ideal experimental environment for measuring the time distribution of opposite-sign dilepton events will be at the KEK and SLAC asymmetric B-meson factories, where B 0B0 pairs can coherently be produced through the decay of the Υ(4S) resonance.
Allowing both CP T violation and ∆B = −∆Q transitions, we shall carry out a new analysis of the opposite-sign dilepton asymmetry of neutral B decays and clarify some ambiguity associated with the present experimental bound on Imδ B . It is shown that the effect of ∆B = −∆Q transitions and that of CP T violation have the same time-dependent behavior in the opposite-sign dilepton events, therefore they are in general indistinguishable from each other. We point out that a meaningful constraint on Imδ B depends actually on where θ and φ are in general complex, and the normalization factors of |B 1 and |B 2 have been neglected. CP T invariance requires cos θ = 0, while CP conservation requires both cos θ = 0 and φ = 0 [9] . In some literature the linear parametrization 2
together with the conventions |ǫ B | ≪ 1 and |δ B | ≪ 1, has been adopted (here again the normalization factors of |B 1 and |B 2 are neglected). It is straightforward to find the relationship between (θ, φ) and (δ B , ǫ B ) parameters in the leading-order approximation, ǫ B ≈ iφ/2 and δ B ≈ cot θ/2, provided the conventions | cos θ| ≪ 1 and |φ| ≪ 1 are taken. Note that the requirement |ǫ B | ≪ 1 (or |φ| ≪ 1) corresponds to an exotic phase convention of quark fields, which is incompatible with several popular parametrizations of the quark flavor mixing matrix [10] . In subsequent calculations we shall maily make use of the (θ, φ) notation without special constraint on the magnitude of φ, and translate it into the (δ B , ǫ B ) notation when necessary.
The proper-time evolution of an initially pure |B 0 or |B 0 state is then given as [2] |B
where
In Eqs. (3) and (4) 
, where m 1,2 and Γ 1,2 are the mass and width of B 1,2 . The mixing parameter x ≈ 0.7 has been measured [11] , and y ∼ O(10 −2 ) is theoretically expected [12] .
To calculate the time distribution of opposite-sign dilepton events on the Υ(4S) resonance, we neglect possible tiny effects from electromagnetic final-state interactions and assume CP T invariance in the direct transition amplitudes of semileptonic B decays. Such an assumption can be examined, without the mixing-induced complexity, by measuring the charge asymmetry of semileptonic B ± decays. The effect of possible ∆B = −∆Q transitions need be taken into account. We then write the relevant semileptonic decay amplitudes as follows:
where σ l measues the ∆B = −∆Q effect and |σ l | ≪ 1 holds. For a B 0B0 pair produced coherently on the Υ(4S) resonance, the decay of one meson at proper time t 1 into a semileptonic state (e.g., e ± X ∓ e ) can serve as the flavor tagging for the other meson decaying at proper time t 2 into another semileptonic state (e.g., µ ∓ X ± µ ). The overall final state is therefore an opposite-sign dilepton event. Since we are only interested in dependence of the decay rate on the time difference t 2 − t 1 at an asymmetric B factory, we just take t 1 = 0 and t 2 = t with the convention t > 0 for the wave function of the coherent B 0B0 pair:
Then the rates of two opposite-sign dilepton decays (with l ± events at t = 0) read
where only the contributions of O(|σ l |) and O(|σ l ′ |) are kept, and the functions g ± (t) and
g ± (t) can be found in Eq. (3). We arrive finally at 
where Ω = cos θ + ξ ll ′ sin θ ,
and
In obtaining Eq. (8) we have neglected the contributions of O(|Ω| 2 ) and O(|Ω| 2 ).
Obviously the ∆B = −∆Q effects are signalized by the rephasing-invariant parameters ξ ll ′ andξ ll ′ . ξ ll ′ =ξ ll ′ holds for l ′ = l, and ξ ll ′ = −ξ * ll ′ holds if Imφ = 0. We find that ξ ll ′ orξ ll ′ has the same time-dependent behavior as the CP T -violating parameter cos θ in the decay rate R(t) orR(t). This important feature implies that it is in general impossible to distinguish between the effects of CP T violation and ∆B = −∆Q transitions in the oppositesign dilepton events, unless one of them is remarkably smaller than the other. 
which results in an asymmetry between the decay rates R(t) andR(t). Defining A(t) as the ratio of R(t) −R(t) to R(t) +R(t), we then have
which is independent of the CP -violating parameter φ. This formula has already been obtained in Refs. [4] and [6] 3 . It should be noted that the asymmetry A(t), due to its time dependence, is not restricted to the range [−1, +1]. In the assumption of y = 0, Eq. (12) turns out to be A(t) = 2Im(cos θ) tan(xΓt/2), which becomes infinity on the point Γt = π/x (i.e., around Γt ≈ 4.5).
If one translates cos θ into δ B , then Re(cos θ) ≈ 2Reδ B and Im(cos θ) ≈ 2Imδ B . Therefore a constraint on Imδ B is achievable from Eq. (12) with y = 0. This is indeed the case taken by the OPAL Collaboration in their measurement [8] , where the rate difference between 
In this case, the sinh(yΓt) and sin(xΓt) terms in the numerator of A(t) are comparable in magnitude even for small t. Then a meaningful constraint on Imδ B becomes impossible.
To illustrate, we plot the time distribution of A(t) in Fig. 1 with the inputs r = ±1 and r = ±100 (for fixed Imδ B ), respectively. It is obvious in the latter case that the Reδ B contribution to A(t) is significant (even dominant for large Γt) and a separate bound on Imδ B cannot be obtained. 
where give a constraint on the imaginary part of (Ω +Ω), provided its real part is not significant.
We hope that a useful test of CP T and ∆B = ∆Q conservation laws can finally be realized at the asymmetric B-meson factories. The prospect of such ambitious experiments, as discussed in Ref. [6] , is not dim. And the relevant theoretical motivation seems encouraging too [14] . On the phenomenological side, further and more general analyses of CP -violating, 
